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(567) A positioning method and related devices are
provided. The method includes: measuring, by a UE,
PRSs sent by a plurality of positioning reference devices
to obtain a plurality of PRS measurement results; meas-
uring, by the UE, SPRSs sent by the plurality of position-
ing reference devices to obtain a plurality of SPRS meas-
urement results; performing, by the UE, a positioning op-
eration based on the plurality of PRS measurement re-
sults and the plurality of SPRS measurement results,
wherein the positioning operation includes: sending the
plurality of PRS measurement results and the plurality of
SPRS measurement results to a positioning server, so
that the positioning server determines a position of the
UE based on the plurality of PRS measurement results
and the plurality of SPRS measurement results; or de-
termining, by the UE, the position of the UE based on the
plurality of PRS measurement results and the plurality of
SPRS measurement results.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims a priority of the
Chinese patent application No. 201810053856.3 filed on
January 19, 2018, which is incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
communication technology, in particular to a positioning
method and a positioning device.

BACKGROUND

[0003] A variety of user equipment (UE) positioning
methods are defined in the communication systemin the
related art, for example: an observed time difference of
arrival (OTDOA) method, an enhanced cell identification
(E-CID) positioning method and an uplink observed time
difference of arrival (UTDOA) method. These methods
mainly determine the position of the UE by measuring a
reference signal of a wireless communication network
itself, rather than based on an external reference signal
of the wireless communication network. However, the
positioning methods defined in the communication sys-
tems in the related art all have the problem of low posi-
tioning accuracy.

SUMMARY

[0004] An embodiment of the present disclosure pro-
vides a positioning method, including: measuring, by a
user equipment (UE), positioning reference signals
(PRSs) sent by a plurality of positioning reference devic-
es to obtain a plurality of PRS measurement results;
measuring, by the UE, sinusoidal positioning reference
signals (SPRSs) sent by the plurality of positioning ref-
erence devices to obtain a plurality of SPRS measure-
ment results; performing, by the UE, a positioning oper-
ation based on the plurality of PRS measurement results
and the plurality of SPRS measurement results, wherein
the positioning operation comprises: sending the plurality
of PRS measurement results and the plurality of SPRS
measurement results to a positioning server, so that the
positioning server determines a position of the UE based
on the plurality of PRS measurement results and the plu-
rality of SPRS measurement results; or the positioning
operation comprises: determining, by the UE, the position
of the UE based on the plurality of PRS measurement
results and the plurality of SPRS measurement results.
[0005] Optionally, the measuring, by the UE, sinusoi-
dal positioning reference signals (SPRSs) sent by the
plurality of positioning reference devices to obtain a plu-
rality of SPRS measurement results includes: measuring
the SPRSs sent by the plurality of positioning reference
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devices on a plurality of different frequency resources to
obtain the plurality of SPRS measurement results,
wherein different positioning reference devices use dif-
ferent frequency resources to send the SPRSs.

[0006] Optionally, the positioning method further in-
cludes: obtaining by the UE, SPRS configuration infor-
mation of the plurality of positioning reference devices,
and the SPRS configuration information of each position-
ing reference device includes frequency configuration in-
formation and time configuration information on which
the positioning reference device sends the SPRS; the
measuring the SPRSs sent by the plurality of positioning
reference devices on a plurality of different frequency
resources to obtain the plurality of SPRS measurement
results includes: measuring, by the UE, the SPRSs sent
by the plurality of positioning reference devices based
on the SPRS configuration information of the plurality of
positioning reference devices, to obtain the plurality of
SPRS measurement results.

[0007] Optionally, each positioning reference device
configures a fixed frequency resource to send the SPRS,
or each positioning reference device configures a differ-
ent frequency to send the SPRS at a different time.
[0008] Optionally, the positioning method further in-
cludes atleast one of: exchanging, by the UE, the plurality
of PRS measurement results and the plurality of SPRS
measurement results with other UEs; exchanging, by the
UE, respective positioninformation with other UEs; send-
ing, by the UE, PRS and SPRS to other UEs; and ex-
changing, by the UE, respective PRS configuration infor-
mation and SPRS configuration information with other
UEs.

[0009] Optionally, the measuring the SPRSs sent by
the plurality of positioning reference devices to obtain the
plurality of SPRS measurement results includes: meas-
uring, by the UE, the SPRSs continuously sent by the
plurality of positioning reference devices to obtain the
plurality of SPRS measurement results; or measuring,
by the UE, the SPRSs periodically sent by the plurality
of positioning reference devices to obtain the plurality of
SPRS measurement results; or measuring, by the UE,
the SPRSs sent by the plurality of positioning reference
devices as needed to obtain the plurality of SPRS meas-
urement results.

[0010] Optionally, at least one of reference signal time
difference (RSTD) and reference signal received power
(RSRP); each SPRS measurement result comprises an
SPRS carrier phase (SPRS-CP) measurement value.
[0011] Optionally, the sending the plurality of PRS
measurement results and the plurality of SPRS meas-
urement results to a positioning server includes: sending
a report message to the positioning server, wherein the
report message includes the plurality of PRS measure-
ment results and information elements for reporting the
plurality of SPRS measurement results, the information
elements include the SPRS measurement result of each
SPRS.

[0012] Optionally, the information elements further
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comprise: at least one of a cell identifier corresponding
to each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0013] Optionally, the plurality of positioning reference
devices comprise a plurality of network side devices; or
the plurality of positioning reference devices comprise at
least one network side device and at least one other UE;
or the plurality of positioning reference devices comprise
a plurality of other UEs.

[0014] An embodiment of the present disclosure fur-
ther provides a positioning method, including: sending,
by a positioning reference device, a PRS to a UE, so that
the UE measures the PRS to obtain a PRS measurement
result; sending, by the positioning reference device, a
SPRS to the UE, so that the UE measures the SPRS to
obtain an SPRS measurement result, wherein the PRS
measurement result and the SPRS measurement result
are used for positioning of the UE.

[0015] Optionally, different positioning reference de-
vices send SPRSs to UEs through different frequency
resources.

[0016] Optionally, the positioning method further in-
cludes: sending, by the positioning reference device,
SPRS configuration information to the UE, and the SPRS
configuration information includes frequency configura-
tion information and time configuration information on
which the positioning reference device sends SPRS.
[0017] Optionally, each positioning reference device
sends the SPRS on a fixed frequency resource, or each
positioning reference device sends the SPRS on a dif-
ferent frequency at a different time.

[0018] Optionally, the sending, by the positioning ref-
erence device, the SPRS to the UE includes: the posi-
tioning reference device continuously sending SPRS to
the UE; or the positioning reference device periodically
sending SPRS to the UE; or the positioning reference
device sending the SPRS to the UE as needed.

[0019] Optionally, the positioning reference device is
a network side device or another UE.

[0020] An embodiment of the present disclosure fur-
ther provides a positioning method, including: receiving,
by a positioning server, a plurality of PRS measurement
results and a plurality of SPRS measurement results sent
by a UE; determining, by the positioning server, a position
of the UE based on the plurality of PRS measurement
results and the plurality of SPRS measurement results.
[0021] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP, each SPRS
measurement result comprises an SPRS-CP measure-
ment value.

[0022] Optionally, the receiving, by the positioning
server, a plurality of PRS measurement results and a
plurality of SPRS measurement results sent by the UE
includes: receiving, by the positioning server, a report
message sent by the UE, wherein the report message
includes the plurality of PRS measurement results and
information elements for reporting the plurality of SPRS
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measurement results, the information elements include
the SPRS measurement result for each SPRS.

[0023] Optionally, the information elements further in-
clude: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0024] An embodiment of the present disclosure fur-
ther provides a user equipment (UE), including: a first
measurement module, configured to measure PRSs sent
by a plurality of positioning reference devices to obtain
a plurality of PRS measurement results; a second meas-
urement module, configured to measure SPRSs sent by
the plurality of positioning reference devices to obtain a
plurality of SPRS measurementresults; and a positioning
module, configured to perform a positioning operation
based on the plurality of PRS measurement results and
the plurality of SPRS measurement results, wherein the
positioning operation includes: sending the plurality of
PRS measurement results and the plurality of SPRS
measurement results to a positioning server, so that the
positioning server determines the position of the UE
based on the plurality of PRS measurement results and
the plurality of SPRS measurement results; or the posi-
tioning operation includes: determining, by the UE, the
position of the UE based on the plurality of PRS meas-
urement results and the plurality of SPRS measurement
results.

[0025] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP, each SPRS
measurement result includes an SPRS-CP measure-
ment value.

[0026] An embodiment of the present disclosure fur-
ther provides a positioning reference device, including:
a first sending module, configured to send a PRS to a
UE, so that the UE measures the PRS to obtain a PRS
measurement result; a second sending module, config-
uredtosend an SPRS to the UE, so thatthe UE measures
the SPRS to obtain an SPRS measurement result,
wherein the PRS measurement result and the SPRS
measurement result are used for positioning of the UE.
[0027] An embodiment of the present disclosure fur-
ther provides a positioning sever, including: a receiving
module, configured to receive a plurality of PRS meas-
urement results and a plurality of SPRS measurement
results sent by a UE; and a positioning module, config-
ured to determine a position of the UE based on the plu-
rality of PRS measurement results and the plurality of
SPRS measurement results.

[0028] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP, each SPRS
measurement result comprises an SPRS-CP measure-
ment value.

[0029] An embodiment of the present disclosure fur-
ther provides a user equipment (UE), including a trans-
ceiver, a memory, a processor, and a computer program
stored in the memory and executed by the processor,
wherein the transceiver is configured to measure PRSs
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sent by a plurality of positioning reference devices to ob-
tain a plurality of PRS measurement results; measure
SPRSs sent by the plurality of positioning reference de-
vices to obtain a plurality of SPRS Measurement results;
perform a positioning operation based on the plurality of
PRS measurement results and the plurality of SPRS
measurementresults, the positioning operation includes:
sending the plurality of PRS measurement results and
the plurality of SPRS measurement results to a position-
ing server, so that the positioning server determines the
position of the UE based on the plurality of PRS meas-
urement results and the plurality of SPRS measurement
results; or the positioning operation includes determin-
ing, by the UE, the position of the UE based on the plu-
rality of PRS measurement results and the plurality of
SPRS measurement results; or the transceiver is config-
ured to measure the PRSs sent by the plurality of posi-
tioning reference devices to obtain the plurality of PRS
measurement results; measure the SPRSs sent by the
plurality of positioning reference devices to obtain the
plurality of SPRS measurement results.

[0030] Optionally, the measuring SPRSs sent by the
plurality of positioning reference devices to obtain a plu-
rality of SPRS measurement results includes: measuring
SPRSs sent by the plurality of positioning reference de-
vices on a plurality of different frequency resources to
obtain the plurality of SPRS measurement results,
wherein different positioning reference devices use the
plurality of different frequency resources to send the
SPRSs.

[0031] Optionally, the transceiver or the processor is
further configured to: obtain SPRS configuration infor-
mation of the plurality of positioning reference devices,
and the SPRS configuration information of each position-
ing reference device includes frequency configuration in-
formation and time configuration information on which
the positioning reference device sends the SPRS; the
measuring SPRSs sent by the plurality of positioning ref-
erence devices on a plurality of different frequency re-
sources to obtain a plurality of SPRS measurement re-
sults includes: measuring the SPRSs sent by the plurality
of positioning reference devices based on the SPRS con-
figuration information of the plurality of positioning refer-
ence devices, to obtain the plurality of SPRS measure-
ment results.

[0032] Optionally, each positioning reference device
configures a fixed frequency resource to send the SPRS,
or each positioning reference device configures a differ-
ent frequency to send the SPRS at a different time.
[0033] Optionally, the transceiver is further configured
to perform at least one of: exchanging the plurality of
PRS measurement results and the plurality of SPRS
measurement results with other UEs; exchanging re-
spective position information with other UEs; sending
PRS and SPRS to other UEs; and exchanging respective
PRS configuration information and SPRS configuration
information with other UEs.

[0034] Optionally, the measuring SPRSs sent by the
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plurality of positioning reference devices to obtain a plu-
rality of SPRS measurementresults includes: measuring
SPRSs continuously sent by the plurality of positioning
reference devices to obtain the plurality of SPRS meas-
urement results; or measuring SPRSs periodically sent
by the plurality of positioning reference devices to obtain
the plurality of SPRS measurement results; or measuring
SPRSs sent by the plurality of positioning reference de-
vices as needed to obtain the plurality of SPRS meas-
urement results.

[0035] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP, each SPRS
measurement result includes an SPRS-CP measure-
ment value.

[0036] Optionally, the sending the plurality of PRS
measurement results and the plurality of SPRS meas-
urement results to the positioning server includes: send-
ing a report message to the positioning server, wherein
the report message includes the plurality of PRS meas-
urement results and information elements for reporting
SPRS measurement results, the information elements
include the SPRS measurement result of each SPRS.
[0037] Optionally, the information elements further in-
cludes: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0038] Optionally, the plurality of positioning reference
devices include a plurality of network side devices; or the
plurality of positioning reference devices include at least
one network side device and at least one other UE; or
the plurality of positioning reference devices include a
plurality of other UEs.

[0039] An embodiment of the present disclosure fur-
ther provides a positioning reference device, including a
transceiver, amemory, a processor, and a computer pro-
gram stored in the memory and executed by the proces-
sor, wherein the transceiver is configured to send a PRS
to a UE, so that the UE measures the PRS to obtain a
PRS measurement result; send an SPRS to the UE, so
that the UE measures the SPRS to obtain an SPRS
measurement result, the PRS measurement result and
the SPRS measurement result are used for positioning
of the UE.

[0040] Optionally, different positioning reference de-
vices send SPRSs to the UE through different frequency
resources.

[0041] Optionally, the transceiver is further configured
to: send SPRS configuration information to the UE,
wherein the SPRS configuration information includes fre-
quency configuration information and time configuration
information on which the positioning reference device
sends the SPRS.

[0042] Optionally, each positioning reference device
sends the SPRS on a fixed frequency resource, or each
positioning reference device sends the SPRS on a dif-
ferent frequency at a different time.

[0043] Optionally, the sending the SPRS to the UE in-
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cludes: continuously sending the SPRS to the UE; or
periodically sending the SPRS to the UE; or sending the
SPRS to the UE as needed.

[0044] Optionally, the positioning reference device is
a network side device or another UE.

[0045] An embodiment of the present disclosure fur-
ther provides a positioning server, including a transceiv-
er, a memory, a processor, and a computer program
stored in the memory and executed by the processor,
wherein the transceiver is configured to receive a plurality
of PRS measurement results and a plurality of SPRS
measurement results sent by a UE; determine a position
of the UE based on the plurality of PRS measurement
results and the plurality of SPRS measurement results;
or the transceiver is configured to receive the plurality of
PRS measurement results and the plurality of SPRS
measurement results sent by the UE; the processor is
configured to read the program in the memory and per-
form the following process: determining the position of
the UE based on the plurality of PRS measurement re-
sults and the plurality of SPRS measurement results.
[0046] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP, each SPRS
measurement result includes an SPRS-CP measure-
ment value.

[0047] Optionally, the receiving the plurality of PRS
measurement results and the plurality of SPRS meas-
urement results sent by the UE includes: receiving a re-
port message sent by the UE, the report message includ-
ing the plurality of PRS measurement results and infor-
mation elements for reporting the plurality of SPRS
measurement results, wherein the information elements
include the SPRS measurement result of each SPRS.
[0048] Optionally, the information elements further in-
clude: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0049] An embodiment of the present disclosure fur-
ther provides a computer-readable storage medium hav-
ing a computer program stored thereon, when executed
by a processor, implementing the step of the positioning
method at a UE side; or the steps of the positioning meth-
od at a positioning reference device side; or the steps of
the positioning method at a positioning server side.

BRIEF DESCRIPTION OF THE DRAWINGS
[0050]

Fig. 1 is a schematic diagram of a network structure
applicable to an embodiment of the present disclo-
sure;

Fig. 2is aschematic diagram of a scenario applicable
to an embodiment of the present disclosure;

Fig. 3 is a schematic diagram of another scenario
applicable to an embodiment of the present disclo-
sure;
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Fig. 4 is a flowchart of a positioning method provided
by an embodiment of the present disclosure;

Fig. 5 is a schematic diagram of subcarrier distribu-
tion and spectrum for sending SRPS provided by an
embodiment of the present disclosure;

Fig. 6 is aschematic diagram of a positioning method
provided by an embodiment of the present disclo-
sure;

Fig. 7 is another schematic diagram of a positioning
method provided by an embodiment of the present
disclosure;

Fig. 8 is a flowchart of a positioning method provided
by an embodiment of the present disclosure;

Fig. 9 is another flowchart of a positioning method
provided by an embodiment of the present disclo-
sure;

Fig. 10 is a structural schematic diagram of a UE
provided by an embodiment of the present disclo-
sure;

Fig. 11 is another structural schematic diagram of a
UE provided by an embodiment of the present dis-
closure;

Fig. 12 is yet another structural schematic diagram
of a UE provided by an embodiment of the present
disclosure;

Fig. 13 is a structural schematic diagram of a posi-
tioning reference device provided by an embodiment
of the present disclosure;

Fig. 14 is another structural schematic diagram of a
positioning reference device provided by an embod-
iment of the present disclosure;

Fig. 15 is a structural schematic diagram of a posi-
tioning server provided by an embodiment of the
present disclosure;

Fig. 16 is another structural schematic diagram of a
UE provided by an embodiment of the present dis-
closure;

Fig. 17 is another structural schematic diagram of a
positioning reference device provided by an embod-
iment of the present disclosure;

Fig. 18 is another structural schematic diagram of a
positioning server provided by an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0051] Fig. 1is aschematic diagram of a network struc-
ture applicable to an embodiment of the present disclo-
sure. As shown in Fig. 1, the network structure includes
a User Equipment (UE) 11, a plurality of positioning ref-
erence devices 12, and a positioning server 13. The UE
11 may be a mobile phone, a vehicle user terminal, a
tablet personal computer, a laptop computer, a personal
digital assistant (PDA), a mobile Internet device (MID) or
a wearable device. It should be noted that the specific
type of the UE 11 is not limited in the embodiments of
the present disclosure. The positioning reference device
12 may be a network side device, such as a base station,
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which may be a macro station, LTE eNB, 5G NR NB, etc.
The network side device may also be a small station,
such as a low power node (LPN), a pico and femto, or
network side devices may be an access point (AP). The
base station can also be a network node constituted by
a central unit (CU) and a plurality of transmission and
reception points (TRP) managed and controlled by the
CU. Alternatively, the above-mentioned positioning ref-
erence device 12 may be other UEs than the UE 11, for
example, the UE 11 and other UEs are vehicle user ter-
minal, which can be applied to a vehicle to vehicle (V2X)
vehicle cooperative positioning system. In addition, in the
V2X vehicle cooperative positioning system, some of the
positioning reference devices 12 may be UEs other than
the UE 11, and others of the positioning reference devic-
es 12 may be network side devices. Of course, all posi-
tioning reference devices 12 may be the UEs other than
the UE 11 or network side devices, which is not limited
in this embodiment of the present disclosure. It should
be noted that the specific type of the positioning reference
device 12 is not limited in the embodiments of the present
disclosure. In addition, the vehicle user terminal may be
an in-vehicle communication device, or may be a UE (for
example, amobile phone)located inside the vehicle, etc.,
which is not limited in this embodiment of the present
disclosure. The positioning server 13 may be a server
device, or the positioning server may be a network side
device (for example, a base station) provided with a wire-
less communication system. Of course, in some cases,
the positioning server 13 may be a same device as a
positioning reference device 12. It should be noted that
the specific type of the positioning server 13 is not limited
in the embodiment of the present disclosure.

[0052] The embodiment of the present disclosure can
be applied to the positioning of a UE in a wireless com-
munication system. For example, as shown in Fig. 2, the
UE measures a positioning reference signal (PRS) and
a sinusoidal positioning reference signal (SPRS) sent by
network side devices in a plurality of cells to achieve po-
sitioning. For another example, as shown in Fig. 3, the
vehicle user terminal measures PRS and SPRS sent by
a network side device of a cell and another UE to achieve
positioning.

[0053] Fig. 4 is aflowchart of a positioning method pro-
vided by an embodiment of the present disclosure. As
shown in Fig. 4, the method includes the following steps.
[0054] 401. measuring, by a UE, PRSs sent by a plu-
rality of positioning reference devices to obtain a plurality
of PRS measurement results.

[0055] 402. measuring, by the UE, SPRSs sent by the
plurality of positioning reference devices to obtain a plu-
rality of SPRS measurement results.

[0056] 403. performing, by the UE, a positioning oper-
ation based on the plurality of PRS measurement results
and the plurality of SPRS measurement results.

[0057] The positioning operation includes: sending the
plurality of PRS measurement results and the plurality of
SPRS measurement results to a positioning server, so
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that the positioning server determines the position of the
UE based on the plurality of PRS measurement results
and the plurality of SPRS measurement results. Alterna-
tively, the positioning operation includes the UE deter-
mines the position of the UE based on the plurality of
PRS measurement results and the plurality of SPRS
measurement results.

[0058] The plurality of positioning reference devices
may be network side devices of a plurality of cells, for
example, as shown in Fig. 2, or the plurality of positioning
reference devices may be a plurality of vehicle devices,
or the plurality of positioning reference devices include
the network side equipment and the vehicle equipment
in a cell. In the embodiment of the present disclosure,
the plurality of positioning reference devices may refer
to two or more positioning reference devices, for exam-
ple, it may be determined based on requirements, and
is not limited herein.

[0059] The measuring of the PRS may be to measure
time difference or reception power of each PRS.

[0060] In the embodiment of the present disclosure,
the SPRS may be a sinusoidal carrier positioning refer-
ence signal used for carrier phase positioning. In addi-
tion, the SPRS is a sinusoidal carrier signal (or may also
be referred to as a pure sinusoidal carrier signal), and
the plurality of positioning reference devices may trans-
mit the SPRS on different frequency resources, for ex-
ample, network side devices in adjacent different cells
can send SPRS in different subcarriers. In this way, the
UE can measure phase information of different SPRSs.
[0061] In the embodiment of the present disclosure,
the PRS and SPRS sent by the plurality of positioning
reference devices are measured, the positioning of the
UE can be determined based on the measurementresult.
In addition, since a measurement error of a carrier phase
measurement value can be in the order of centimeters
orless, inthisway, a positing measurementmethod using
the carrier signal phase measurement value combined
with the PRS can be realized through the above steps,
and the position of the UE can be determined with high
accuracy.

[0062] It should be noted that in the above method, the
carrier reference signal is sent through the 3GPP wire-
less communication network itself, and the positioning is
performed based on the PRS measurement results and
the SPRS measurement results. Because in this method,
the carrier reference signal is sent through the 3GPP
wireless communication network itself, when the satellite
signal of a Global Navigation Satellite System (GNSS)
is weak or unavailable, the positioning still can be
achieved by using the SPRS measurement results (car-
rier signal phase measurement values) and the PRS
measurement results, so that the position of the UE can
be determined with high accuracy. The positioning using
the PRS measurement results is a well-known position-
ing method in the art. In the embodiment of the present
disclosure, the positioning method using the SPRS
measurement results combined with the PRS measure-
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ment results, thereby further improving the accuracy of
positioning the UE.

[0063] It should be noted that, in the embodiments of
the present disclosure, the implementation for determin-
ing the position of the UE based on the plurality of PRS
measurement results and the plurality of SPRS meas-
urement results is not limited, because when the UE ob-
tains the plurality of PRS measurement results and the
plurality of SPRS measurement results sent by the plu-
rality of positioning references devices, a person skilled
in the art can obtain the position of the UE through various
mathematical solutions, for example: positioning algo-
rithms in various related technologies (LTE positioning
protocol (LPP) or LPPa) to determine the position of the
UE. Optionally, the UE or the positioning server can also
position the UE based on the PRS and SPRS measure-
ment results and position information of transmitting an-
tennas of a plurality of positioning reference devices to
acquire more accurate position information.

[0064] Optionally, the measurement of the SPRS may
be a carrier phase measurement value obtained by
measuring the phase difference between a received car-
rier reference signal and a carrier signal generated inside
a receiver.

[0065] In addition, since the SPRS is a simple sinusoi-
dal signal in the time domain, the carrier phase meas-
urement can be obtained using the technique of carrier
phase tracking in many related arts. For example, the
UE can measure the carrier phase through a carrier
phase lock loop (PLL). Moreover, PLLs have been widely
used in communication and navigation receivers. In this
way, measurement using the PLL will not increase the
measurement cost of the UE.

[0066] In addition, the basic principle of PLL is realized
by generating a replica of the measured signal inside the
receiver and synchronizing the phase of the replica with
the phase of the measured signal. The PLL can be com-
posed of three basic components: a phase detector, for
providing output measurement results, which is propor-
tional to the carrier error to be compensated; a loop filter,
which is a narrow-band low-pass filter, and can be used
to smooth the change caused by the noise output from
the phase detector; and a Numerical Controlled Oscillator
(NCO) or a Voltage Controlled Oscillator (VCO) used to
generate a local replica carrier based on the correction
applied by the loop filter output. Of course, in the embod-
iment of the present disclosure, in order to ensure the
performance of the carrier phase measurement, a more
advanced PLL structure may also be used to provide a
more robust carrier phase measurement, which is not
limited in this embodiment of the present disclosure.
[0067] In addition, in the embodiment of the present
disclosure, the SPRS measurement result can be repre-
sented by ¢;(k), for example: the SPRS measurement
result from the cell i at a time k (also called carrier phase
observation) ¢;(k) can be represented as follows:
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;{d)l(k) = Ti(k) + A= Ni + W;

[0068] Where ri(k) is the distance from the UE to the
celli, 1 is the wavelength of SPRS, N; is integer ambiguity
to be solved during positioning calculation, and w; is the
carrier phase measurement error. The carrier phase
measurement error is mainly affected by multipath.
[0069] In this way, a plurality of ¢,(k) can be obtained
by measuring a plurality of SPRS, so that parameters
such as the distance between the UE and each position-
ing reference device, the integer ambiguity, and the car-
rier phase measurement error can be calculated, thereby
determining the position of the UE with high accuracy.
[0070] It should be noted that, in the embodiments of
the present disclosure, the positioning of the UE by the
above formula is not limited, because when the position
of the UE is fixed, the SPRS measurement result is also
fixed, then the position of the UE can be determined
through this relationship. For example, the UE can also
be positioned through other relationships between SPRS
measurement results and position.

[0071] As an optional implementation, the UE meas-
ures SPRSs sent by the plurality of positioning reference
devices to obtain a plurality of SPRS measurement re-
sults, includes: measuring, by the UE, SPRSs sent by
the plurality of positioning reference devices on a plurality
of different frequency resources to obtain the plurality of
SPRS measurement results, where different positioning
reference devices use different frequency resources to
send the SPRSs.

[0072] In this embodiment, different positioning refer-
ence devices can use different frequency resources to
send SPRS, for example, different positioning reference
devices send SPRS in different subcarriers, so that the
UE can measure the different SPRS measurement re-
sults to improve the UE positioning accuracy.

[0073] Optionally, in this embodiment, the method fur-
ther includes: obtaining, by the UE, SPRS configuration
information of the plurality of positioning reference de-
vices, and the SPRS configuration information of each
positioning reference device includes frequency config-
uration information and time configuration information of
the SPRS sent by the positioning reference device.
[0074] The measuring, by the UE, SPRS sent by the
plurality of positioning reference devices on a plurality of
different frequency resources to obtain a plurality of
SPRS measurementresults, includes: measuring, by the
UE, the SPRSs sent by the plurality of positioning refer-
ence devices based on the SPRS configuration informa-
tion of the plurality of positioning reference devices, to
obtain a plurality of SPRS measurement results.

[0075] The SPRS configuration information of the plu-
rality of positioning reference devices may be sent by the
positioning server or a certain positioning reference de-
vice, or each positioning reference device may send its
own SPRS configuration information, which is not limited
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herein. Of course, the PRS configuration information can
also be obtained, so that the PRS can be measured
based on the PRS configuration information. The PRS
configuration information and the SPRS configuration in-
formation may be obtained through a same message, or
the PRS configuration information and the SPRS config-
uration information are respectively obtained through dif-
ferent methods, which is not limited herein.

[0076] In addition, in order to reduce the adjustment of
the UE, the above SPRS configuration information can
be completed by extending the current 3GPP LTE posi-
tioning protocol (LPP) (TS 36.355) and/or positioning pro-
tocol A (LPPa). For example, the SPRS configuration
information is added in the message for configuring the
PRS configuration information in the LTE positioning pro-
tocol (LPP) and the positioning protocol A (LPPa), which
can reduce the adjustment of the UE positioning process,
and can also avoid transmitting SPRS configuration in-
formation by additional signaling to save transmission
overhead. Of course, in this embodiment, the UE can
also obtain PRS configuration information, where the
PRS configuration information can refer to 3GPP LTE
positioning protocol (LPP) (TS 36.355) and/or positioning
protocol A (LPPa), which is not limited herein. In addition,
in the embodiments of the present disclosure, the meas-
urement of PRS may also refer to 3GPP LTE positioning
protocol (LPP) (TS 36.355) and/or positioning protocol A
(LPPa), which is not described in detail herein.

[0077] In this embodiment, the corresponding SPRS
may be measured on a corresponding frequency re-
source at a corresponding time, so as to improve the
accuracy of the SPRS measurement, and avoid the pow-
er waste caused by the blind measurement of the SPRS
by the UE.

[0078] Optionally, in the above embodiment, each po-
sitioning reference device configures a fixed frequency
resource to send the SPRS, or each positioning refer-
ence device configures a different frequency to send the
SPRS at a different time.

[0079] The frequency resource on which each posi-
tioning reference device sends the SPRS may be a pre-
configured or pre-defined carrier frequency, for example,
each cell sends an SPRS for carrier phase positioning
at a pre-configured or pre-defined carrier frequency.
[0080] A frequency hopping mode is used configure a
different frequency by each cell to send the SPRS at a
different time. Among them, there may be a plurality of
methods for configuring the frequency hopping mode.
For example, the frequency hopping mode may depend
on the transmission time of the SPRS, the cell ID, the
bandwidth for sending the SRPS in the network config-
uration, and so on.

[0081] Inthis embodiment, itis possible to flexibly con-
figure frequency resources for each positioning refer-
ence device to send SPRS.

[0082] As an optional implementation, the measuring,
by the UE, SPRSs sent by the plurality of positioning
reference devices to obtain a plurality of SPRS meas-
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urement results, includes: measuring, by the UE, SPRS
continuously sent by the plurality of positioning reference
devices to obtain the plurality of SPRS measurement re-
sults; or measuring, by the UE, SPRSs periodically sent
by the plurality of positioning reference devices to obtain
the plurality of SPRS measurement results; or measur-
ing, by the UE, SPRSs sent by the plurality of positioning
reference devices as needed to obtain the plurality of
SPRS measurement results.

[0083] In this embodiment, the network can configure
the time for sending SRPS for each cell (position refer-
ence device of a cell) participating in carrier phase posi-
tioning. The time for sending the SRPS can be specifically
configured for a cell (the position reference device of the
cell) in various ways.

[0084] For example, it is configured to continuously
transmit SPRS. In this configuration, the positioning ref-
erence device of the cell can continuously transmit SPRS
on the configured single frequency or a plurality of fre-
quencies without interruption. It is configured to send
SPRS periodically. In this configuration, the positioning
reference device of the cell can send SPRS based on
the configured transmission period, time offset or turn-
on (or turn-off duration) at the configured single frequen-
cy or a plurality of frequencies. It is configured to start or
stop sending SPRS as needed. In this configuration, the
positioning reference device of the cell can start or stop
sending SPRS based on a certain positioning require-
ment, which can come from the positioning server or a
UE or a base station.

[0085] In this embodiment, the positioning reference
device can be flexibly configured to send SPRS based
on requirements, so as to improve the flexibility of the
system.

[0086] As an optional embodiment, each PRS meas-
urement result includes: at least one of reference signal
time difference (RSTD) and reference signal received
power (RSRP).

[0087] Each SPRS measurement result includes: an
SPRS carrier phase (SPRS-CP) measurement value.
[0088] In this embodiment, at least one of RSTD and
RSRP of the PRS sent by the positioning reference de-
vice can be measured, and the SPRS-CP measurement
value of the SPRS sent by the positioning reference de-
vice can be measured. Since the measurement error of
the SPRS-CP measurement value can be in the order of
centimeters or less, the measurement by the SPRS-CP
measurement value in combination with at least one of
RSTD and RSRP can further improve the positioning ac-
curacy of the UE.

[0089] Asanoptionalimplementation, subcarrierspac-
ing (SCS) of the subcarriers occupied by the SPRS sent
by the plurality of positioning reference devices is smaller
than SCS of data communication in a target carrier, and
the target carrier includes subcarriers occupied by the
SPRS sentby a plurality of positioning reference devices.
[0090] It should be noted that since SPRS is a pure
sinusoidal carrier signal, the bandwidth of the signal will
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be very small, so that subcarrier spacing between the
carrier frequencies (SCS c) of SPRS used for UE posi-
tioning can be configured to be much smaller than sub-
carrier spacing of data communication (SCS_d), as
shown in Fig. 5(a).

[0091] In addition, in the embodiment of the present
disclosure, the subcarrier spacing between the carrier
frequencies of the SPRS used for UE positioning may
mainly consider the frequency error of the radio trans-
mitter of the positioning reference device (e.g., base sta-
tion) and the Doppler offset of the UE (depending on the
speed and carrier frequency of the UE). For example,
assuming that the frequency error of the radio transmitter
of the base station is less than 0.05 ppm, the speed of
the UE is less than 450 km/h, and the carrier frequency
is less than 6 GHz, the subcarrier spacing SCS c between
the carrier frequencies of SPRS can be set to less than
3 kHz. In contrast, when the carrier frequency is less than
6 GHz, the subcarrier spacing of 3GPP next-generation
system data communication is 15*2() (n=0,1) kHz.
[0092] In this embodiment, since the SCS of the sub-
carrier occupied by the SPRS is smaller than the SCS of
data communication in the target carrier, the frequency
resource of the carrier can be saved.

[0093] Optionally, in this embodiment, the subcarriers
occupied by the SPRS sent by the plurality of positioning
reference devices are located at an edge or a guard band
of the target carrier.

[0094] Among them, the subcarriers occupied by the
above SPRS are implemented at the edge of the carrier
or the guard band of the carrier, as shown in Fig. 5(b).
In addition, since the SPRS is a pure sinusoidal signal,
there is no need to worry about the inter-channel spec-
trum of adjacent carrier signals caused by the positioning
signal, for example, as shown in Fig. 5(b).

[0095] In this embodiment, since the SPRS can be
transmitted at the carrier edge or the guard band of the
carrier at very small sub-carrier intervals, it only needs
to be very small or does not even occupy carrier resourc-
es of the data communication, frequency resources are
saved.

[0096] As an optional implementation, the sending the
plurality of PRS measurement results and the plurality of
SPRS measurement results to the positioning server in-
cludes: sending a report message to the positioning serv-
er, where the report message includes the plurality of
PRS measurement results and information elements for
reporting the SPRS measurement results, the informa-
tion elements include the SPRS measurement results of
each SPRS.

[0097] The report message may be a report message
defined in the current positioning protocol for reporting
the PRS measurement result. For example, in this em-
bodiment, the SPRS measurement result (for example:
SPRS-CP measurement value) and other positioning
measurements (for example at least one of RSTD and
RSRP) are reported together to the positioning server or
base station of the network for high-precision positioning
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ofthe UE. The reporting method can be directly extended
by the current 3GPP LTE positioning protocol (LPP) (TS
36.355) and positioning protocol A (LPPa), and an infor-
mation element (IE) for reporting the SPRS measure-
ment result is added to the report message for reporting
PRS measurement results.

[0098] In this embodiment, since the plurality of PRS
measurement results and the plurality of SPRS meas-
urement results are reported through a same message,
the above information element can be directly added to
the report message for reporting PRS measurement re-
sults defined by the current positioning protocol, thereby
reducing changing of the positioning process of the UE
and avoiding adding additional messages, and saving
power consumption and cost of the UE.

[0099] Optionally, in this embodiment, the information
element further includes: at least one of a cell identifier
corresponding to each SPRS, an SPRS index, a refer-
ence time during measurement, and a quality indication
of a carrier measurement value.

[0100] In this embodiment, at least one of the plurality
of PRS measurement results and the plurality of SPRS
measurement results, the cell indicator corresponding to
each SPRS, the SPRS index, the reference time during
measurement, and the quality indication of the carrier
measurement value are reported to the positioning serv-
er, thereby further improving the positioning accuracy of
the UE. For example, LPP / LPPa information elements
used to report the SPRS measurement results (for ex-
ample, SPRS carrier phase measurement) include the
cell ID, the SPRS index, the reference time during meas-
urement, the measured SPRS measurement results (for
example, carrier phase value) and the quality index of
the measured carrier value. After the PRS measurement
result (for example, atleast one of RSTD and RSRP) and
the SPRS measurement result (for example, SPRS-CP)
are obtained in this way, the positioning server or the UE
determine the position of the UE with high accuracy
based on PRS and SPRS configuration information and
the positioning measurement value provided by the UE
using positioning algorithms in various related arts. In
addition, the position information of the transmission an-
tenna of each cell can be combined by the UE with the
measured value for positioning.

[0101] As an optional embodiment, the method further
includes at least one of the following: exchanging, by the
UE, with other UEs, the plurality of PRS measurement
results and the plurality of SPRS measurement results
measured by the UE and the other UEs; exchanging, by
the UE, with other UEs, the position information posi-
tioned by the UE and the other UEs; sending, by the UE,
PRS and SPRS to other UEs; and exchanging, by the
UE, the PRS configuration information and SPRS con-
figuration information with other UEs.

[0102] The other UEs may be UEs other than the UE
to which the method is applied (i.e., the UE described
herein).

[0103] Inthisembodiment, ifthe UE receives a plurality
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of PRS measurement results and a plurality of SPRS
measurement results measured by other UEs, the UE
can implement positioning by combining the PRS meas-
urement result and the SPRS measurement result meas-
ured by itself with the plurality of PRS measurement re-
sults and the plurality of SPRS measurement results
measured by other UEs, thereby improving the accuracy
of the UE positioning.

[0104] In addition, if position information positioned by
other UEs are received, the UE can implement position-
ing by combining the position information, thereby im-
proving the positioning accuracy of the UE.

[0105] In addition, in this embodiment, it is also possi-
ble to send PRS and SPRS to other UEs, so that other
UEs can measure the PRS and SPRS to achieve posi-
tioning.

[0106] In addition, if the PRS configuration information
and SPRS configuration information of other UEs are set-
tled, the PRS and SPRS sent by other UEs can be meas-
ured according to these PRS configuration information
and SPRS configuration information, thereby improving
the accuracy of the measurement.

[0107] It should be noted that, the embodiment can be
applied to the V2X vehicle cooperative positioning sys-
tem, and can also be applied to other scenarios, for ex-
ample, scenarios where network signals are relatively
poor, etc., which is not limited herein. In addition, in this
embodiment, it is also possible to implement positioning
based on PRS and SPRS sent by at least one network
side device and at least one vehicle user terminal which
implementa V2X vehicle cooperative positioning system.
[0108] For example, taking the UE as a vehicle user
terminal as an example (the vehicle user terminal may
be an in-vehicle communication device, or may be a UE
located inside the vehicle or a UE associated with the
vehicle, which is not limited in herein). As shown in Fig.
6, the network side device (shown by a cell in Fig. 6) may
send PRSs in each cell and send SPRS for carrier phase
positioning at pre-configured or pre-defined carrier fre-
quenciesin each cell. In addition, the network can provide
PRS and SPRS configuration information related to the
cell to the UE at the same time.

[0109] The vehicle user terminals can also send PRS
and SPRS to each other. The vehicle user terminals can
also provide their PRS and SPRS configuration informa-
tion to each other through direct links (sidelinks). The
vehicle user terminals can also provide PRS and SPRS
configuration information of their cells to each other
through direct links (sidelinks).

[0110] Each vehicle user terminal can measure PRS
and SPRS according to the received PRS and SPRS
configuration information of each neighboring cell and
the PRS and SPRS configuration information of other
vehicle user terminals.

[0111] After that, each vehicle user terminal can ex-
change positioning measurement values (RSTD, RSRP
and SPRS-CP) obtained from each other. Of course,
each vehicle user terminal can also estimate its own po-
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sition by using all the obtained information. At the same
time, each vehicle user terminal can share its own posi-
tioning estimating value with other vehicle user terminals.
[0112] In addition, in this embodiment, it is also possi-
ble to implement positioning based on PRS and SPRS
sent by a plurality of vehicle user terminals, which imple-
ments the V2X vehicle cooperative positioning system.
In this way, when implementing positioning between ve-
hicle user terminals, the network side devices may not
be involved, so that the UE positioning is applicable to a
wider range, for example, in some remote areas without
base stations, positioning may be implemented among
a plurality of UEs.

[0113] As an optional implementation, the plurality of
positioning reference devices include a plurality of net-
work side devices; or the plurality of positioning reference
devices include at least one network side device and at
least one other UE; or the plurality of positioning refer-
ence devices include a plurality of other UEs.

[0114] In this embodiment, positioning can be imple-
mented based on PRS and SPRS sent by the plurality
of network side devices, so as to implement positioning
in a wireless communication system.

[0115] For example, as shown in Fig. 7, a plurality of
network side devices (indicated by cells in Fig. 7) send
PRS and SPRS to the UE, and can also send PRS and
SPRS configuration information to the positioning server,
and the positioning server then sends the PRS and SPRS
configuration information to the UE. The UE measures
PRS and SPRS to obtain RSTD, RSRP and SPRS-CP
measurement values, and reports the RSTD, RSRP and
SPRS-CP measurement values to the positioning server,
so that the positioning server can determine the position
of the UE based on RSTD, RSRP and SPRS-CP meas-
urement values.

[0116] In addition, in this embodiment, positioning can
also be implemented based on the PRS and SPRS sent
by atleast one network side device and at least one other
UE, that is, both the network side device and other UEs
can send PRS and SPRS to the UE, to further improve
the positioning accuracy of UE. In addition, the network
side device and other UEs can also send corresponding
configuration information. In this embodiment, the V2X
vehicle cooperative positioning system or other scenar-
ios where positioning is implemented between UEs can
be implemented, for example, as shown in Fig. 6.
[0117] Inaddition, in thisembodiment, the UE can also
be positioned based on the PRS and SPRS sent by a
plurality of other UEs, so that the UE can also be posi-
tioned without the participation of the network side de-
vice.

[0118] It should be noted that various optional imple-
mentations introduced in the embodiments of the present
disclosure may be implemented in combination with each
other, or may be implemented separately, which is not
limited herein.

[0119] In this way, in the embodiment of the present
disclosure, the UE measures the positioning reference
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signals PRS sent by the plurality of positioning reference
devices to obtain the plurality of PRS measurement re-
sults; the UE measures the sinusoidal carrier positioning
reference signals SPRS sent by the plurality of position-
ing reference devices to obtain the plurality of SPRS
measurement results; the UE performs a positioning op-
eration based on the plurality of PRS measurement re-
sults and the plurality of SPRS measurementresults. The
positioning operation includes: sending the plurality of
PRS measurement results and the plurality of SPRS
measurement results to the positioning server, so that
the positioning server determines the position of the UE
according to the plurality of PRS measurement results
and the plurality of SPRS measurement results; or the
positioning operation includes: the UE determines the
position of the UE according to the plurality of PRS meas-
urement results and the plurality of SPRS measurement
results. Since the position of the UE can be determined
according to the plurality of PRS measurement results
and the plurality of SPRS measurement results, the po-
sitioning accuracy of UE can be improved.

[0120] Fig. 8is aflowchart of another positioning meth-
od according to an embodiment of the present disclosure.
As shown in Fig. 8, it includes the following steps.
[0121] 801.sending, by a positioning reference device,
a PRS to a UE, so that the UE measures the PRS to
obtain a PRS measurement result.

[0122] 802. sending, by the positioning reference de-
vice, a SPRS to the UE, so that the UE measures the
SPRS to obtain an SPRS measurement result.

[0123] The PRS measurement result and the SPRS
measurement result are used for positioning of the UE.
[0124] Optionally, different positioning reference de-
vices send SPRSs to UEs through different frequency
resources.

[0125] Optionally, the method further includes: send-
ing, by the positioning reference device, SPRS configu-
ration information to the UE, and the SPRS configuration
information includes frequency configuration information
and time configuration information on which the position-
ing reference device sends SPRS.

[0126] Optionally, each positioning reference device
sends the SPRS on a fixed frequency resource, or each
positioning reference device sends the SPRS on a dif-
ferent frequency at a different time.

[0127] Optionally, the sending, by the positioning ref-
erence device, the SPRS to the UE includes: the posi-
tioning reference device continuously sending SPRS to
the UE; or the positioning reference device periodically
sending SPRS to the UE; or the positioning reference
device sending the SPRS to the UE as needed.

[0128] Optionally, the SCS of the subcarrier occupied
by the SPRS sent by the positioning reference device is
smaller than the SCS of data communication in the target
carrier, and the target carrier includes the subcarrier oc-
cupied by the SPRS sent by the positioning reference
device.

[0129] Optionally, the subcarrier occupied by the
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SPRS sent by the positioning reference device is located
at an edge or a guard band of the target carrier.

[0130] Optionally, the positioning reference device is
a network side device or another UE.

[0131] In addition, when the positioning reference de-
vice is a network side device, other UEs may also send
PRS and SPRS to the UEs in steps 801 and 802, and
the operation of other UEs on the UE in step 801 and
step 802 may refer to the positioning reference device.
Similarly, if the positioning reference device is another
UE, the network side device may also send PRS and
SPRS to the UE in step 801 and step 802, and the op-
eration of network side device on the UE in steps 801
and 802 may refer to the positioning reference device.
Of course, in some scenarios, the UE may only be posi-
tioned based on the PRS and SPRS sent by the network
side device or other UEs, which is not limited herein.
[0132] It should be noted that this embodiment is an
implementation of the positioning reference device cor-
responding to the embodiment shown in Fig. 2. The spe-
cificimplementation may refer to the relevant description
of the embodiment shown in Fig. 2. The repeated content
will not be described in the embodiment, and the same
beneficial effects can also be achieved.

[0133] Fig.9isaflowchart of another positioning meth-
od provided by an embodiment of the present disclosure.
As shown in Fig. 9, it includes the following steps.
[0134] 901.receiving, by a positioning server, a plural-
ity of PRS measurement results and a plurality of SPRS
measurement results sent by a UE;

[0135] 902. determining, by the positioning server, a
position of the UE based on the plurality of PRS meas-
urement results and the plurality of SPRS measurement
results.

[0136] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP. Each SPRS
measurement result includes an SPRS-CP measure-
ment value.

[0137] Optionally, the receiving, by the positioning
server, a plurality of PRS measurement results and a
plurality of SPRS measurement results sent by the UE
includes: receiving, by the positioning server, a report
message sent by the UE, where the report message in-
cludes the plurality of PRS measurement results and in-
formation elements for reporting SPRS measurement re-
sults, the information elements include SPRS measure-
ment result for each SPRS.

[0138] Optionally, the information element further in-
cludes: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0139] It should be noted that this embodiment is an
implementation of the positioning server corresponding
to the embodiment shown in Fig. 2. The specific imple-
mentation refers to the related description of the embod-
iment shown in Fig. 2. The repeated content will not be
described herein, and the same beneficial effects can
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also be achieved.

[0140] Fig. 10is a structural diagram of a UE according
to an embodiment of the present disclosure. As shown
in Fig. 10, the UE 1000 includes: a first measurement
module 1001, configured to measure PRSs sent by a
plurality of positioning reference devices to obtain a plu-
rality of PRS measurement results; a second measure-
ment module 1002, configured to measure SPRSs sent
by the plurality of positioning reference devices to obtain
a plurality of SPRS measurement results; and a position-
ing module 1003, configured to perform a positioning op-
eration based on the plurality of PRS measurement re-
sults and the plurality of SPRS measurement results.
[0141] The positioning operation includes: sending the
plurality of PRS measurement results and the plurality of
SPRS measurement results to a positioning server, so
that the positioning server determines the position of the
UE based on the plurality of PRS measurement results
and the plurality of SPRS measurement results. Alterna-
tively, the positioning operation includes the UE deter-
mines the position of the UE based on the plurality of
PRS measurement results and the plurality of SPRS
measurement results.

[0142] Optionally, the second measurement module
1002 is configured to measure the SPRSs sent by the
plurality of positioning reference devices on a plurality of
different frequency resources to obtain the plurality of
SPRS measurement results, where different positioning
reference devices use different frequency resources to
send the SPRSs.

[0143] Optionally, as shown in Fig. 11, the UE 1000
further includes: an obtaining module 1004, configured
to obtain SPRS configuration information of the plurality
of positioning reference devices, and the SPRS config-
uration information of each positioning reference device
includes frequency configuration information and time
configuration information on which the positioning refer-
ence device sends the SPRS. The second measurement
module 1002 is configured to measure the SPRSs sent
by the plurality of positioning reference devices based
on the SPRS configuration information of the plurality of
positioning reference devices, to obtain the plurality of
SPRS measurement results.

[0144] Optionally, each positioning reference device
configures a fixed frequency resource to send the SPRS,
or each positioning reference device configures a differ-
ent frequency to send the SPRS at a different time.
[0145] Optionally, as shown in Fig. 12, the UE 1000
further includes at least one of the following: a first ex-
changing module 1005, configured to exchange a plural-
ity of PRS measurement results and a plurality of SPRS
measurement results with other UEs; a second exchang-
ing module 1006, configured to exchange respective po-
sition information with other UEs; a third exchanging
module 1007, configured to send PRS and SPRS to other
UEs; and a fourth exchanging module 1008, configured
to exchange respective PRS configuration information
and SPRS configuration information with other UEs.
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[0146] Optionally, the second measurement module
1002 is configured to measure the SPRSs continuously
sent by the plurality of positioning reference devices to
obtain the plurality of SPRS measurement results; or the
second measurement module 1002 is configured to
measure the SPRSs periodically sent by the plurality of
positioning reference devices to obtain the plurality of
SPRS measurement results; or the second measure-
ment module 1002 is configured to measure the SPRSs
sent by the plurality of positioning reference devices as
needed to obtain the plurality of SPRS measurement re-
sults.

[0147] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP. Each SPRS
measurement result includes: an SPRS-CP measure-
ment value.

[0148] Optionally, SCS of the subcarriers occupied by
the SPRS sent by the plurality of positioning reference
devices is smaller than SCS of data communication in
the target carrier, and the target carrier includes subcar-
riers occupied by the SPRS sent by the plurality of posi-
tioning reference devices.

[0149] Optionally, the subcarriers occupied by the
SPRS sent by the plurality of positioning reference de-
vices are located at an edge or a guard band of the target
carrier.

[0150] Optionally, the sending the plurality of PRS
measurement results and the plurality of SPRS meas-
urement results to the positioning server includes: send-
ing a report message to the positioning server, where the
report message includes the plurality of PRS measure-
ment results and information elements for reporting the
SPRS measurement results, the information elements
include the SPRS measurement results of each SPRS.
[0151] Optionally, the information element further in-
cludes: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0152] Optionally, the plurality of positioning reference
devices include a plurality of network side devices; or the
plurality of positioning reference devices include at least
one network side device and at least one other UE; or
the plurality of positioning reference devices include a
plurality of other UEs.

[0153] It should be noted that the above UE 1000 in
this embodiment may be a UE of any implementation in
the method embodiment, and any implementation of the
UE in the method embodiment may be implemented by
the UE 1000 in the embodiment and the same beneficial
effects are achieved, which will not be repeated herein.
[0154] Fig. 13 is a structural diagram of a positioning
reference device provided by an embodiment of the
present disclosure. As shown in Fig. 13, the positioning
reference device 1300 includes: a first sending module
1301, configured to send a PRS to a UE, so that the UE
measures the PRS to obtain a PRS measurement result;
a second sending module 1302, configured to send an
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SPRS to the UE, so that the UE measures the SPRS to
obtain an SPRS measurement result. The PRS meas-
urement result and the SPRS measurement result are
used for positioning of the UE.

[0155] Different positioning reference devices send
SPRS to UEs through different frequency resources.
[0156] Optionally, as shown in Fig. 14, the positioning
reference device 1300 further includes: a third sending
module 1303, configured to send SPRS configuration in-
formation to the UE, and the SPRS configuration infor-
mation includes frequency configuration information and
time configuration information on which the positioning
reference device sends the SPRS.

[0157] Optionally, each positioning reference device
sends the SPRS on a fixed frequency resource, or each
positioning reference device sends the SPRS on a dif-
ferent frequency at a different time.

[0158] Optionally, the second sending module 1302 is
used by the positioning reference device to continuously
send SPRS to the UE; or periodically send SPRS to the
UE; or send SPRS to the UE as needed.

[0159] Optionally, the SCS of the subcarrier occupied
by the SPRS sent by the positioning reference device is
smaller than the SCS of data communication in the target
carrier, and the target carrier includes the subcarrier oc-
cupied by the SPRS sent by the positioning reference
device.

[0160] Optionally, the subcarrier occupied by the
SPRS sent by the positioning reference device is located
at an edge or a guard band of the target carrier.

[0161] Optionally, the positioning reference device is
a network side device or another UE.

[0162] Itshould be noted thatthe above-mentioned po-
sitioning reference device 1300 in this embodiment may
be a positioning reference device in any implementation
in the method embodiment of the present disclosure, and
any implementation of the positioning reference device
in the method embodiment in the present disclosure can
be implemented by the above-mentioned positioning ref-
erence device 1300 in this embodiment, and the same
beneficial effects are achieved, which will not be repeated
herein.

[0163] Fig. 15 is a structural diagram of a positioning
server according to an embodiment of the present dis-
closure. As shown in Fig. 15, the positioning server 1500
includes: a receiving module 1501, configured to receive
a plurality of PRS measurement results and a plurality of
SPRS measurement results sent by a UE; a positioning
module 1502, configured to determine a position of the
UE based on the plurality of PRS measurement results
and the plurality of SPRS measurement results.

[0164] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP. Each SPRS
measurement result includes an SPRS-CP measure-
ment value.

[0165] Optionally, the receiving module 1501 is con-
figured to receive a report message sent by the UE,
where the report message includes the plurality of PRS
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measurement results and information elements for re-
porting SPRS measurement results, the information el-
ements include SPRS measurement result for each
SPRS.

[0166] Optionally, the information element further in-
cludes: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0167] Itshould be notedthatthe above-mentioned po-
sitioning server 1500 in this embodiment may be a posi-
tioning server in any implementation in the method em-
bodiment of the present disclosure, and any implemen-
tation of the positioning server in the method embodiment
in the present disclosure may be implemented by the
positioning server 1500 in the embodiment, the same
beneficial effects are achieved, which will not be repeated
herein.

[0168] Fig. 16 is a structural diagram of another UE
provided by an embodiment of the present disclosure.
As shown in Fig. 16, the UE includes: a transceiver 1610,
amemory 1620, a processor 1600, and a computer pro-
gram stored in the memory 1620 and executed by the
processor.

[0169] The transceiver 1610 is configured to measure
PRSs sent by a plurality of positioning reference devices
to obtain a plurality of PRS measurement results; meas-
ure SPRSs sent by the plurality of positioning reference
devices to obtain a plurality of SPRS Measurement re-
sults; perform a positioning operation based on the plu-
rality of PRS measurement results and the plurality of
SPRS measurement results. The positioning operation
includes: sending the plurality of PRS measurement re-
sults and the plurality of SPRS measurement results to
a positioning server, so that the positioning server deter-
mines the position of the UE based on the plurality of
PRS measurement results and the plurality of SPRS
measurement results. Alternatively, the positioning op-
eration includes the UE determines the position of the
UE based on the plurality of PRS measurement results
and the plurality of SPRS measurement results.

[0170] Or the transceiver 1610 is configured to meas-
ure the PRSs sent by the plurality of positioning reference
devices to obtain the plurality of PRS measurement re-
sults; measure the SPRSs sent by the plurality of posi-
tioning reference devices to obtain the plurality of SPRS
Measurement result.

[0171] The processor 1600is usedto read the program
inthe memory 1620 and perform the following processes:
performing a positioning operation based on the plurality
of PRS measurement results and the plurality of SPRS
measurement results. The UE determines the position
of the UE based on the plurality of PRS measurement
results and the plurality of SPRS measurement results.
[0172] Amongthem, the transceiver 1610 can be used
to receive and send data under the control of the proc-
essor 1600.

[0173] InFig. 16, the bus architecture may include any
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number ofinterconnected buses and bridges, specifically
various circuits of one or more processors represented
by the processor 1600 and the memory represented by
the memory 1620 are linked together. The bus architec-
ture can also link various other circuits such as peripheral
devices, voltage regulators, and power management cir-
cuits, etc., which are well known in the art, and therefore,
they will not be further described in the disclosure. The
bus interface provides an interface. The transceiver 1610
may be a plurality of elements, including a transmitter
and a receiver, and provides a unit for communicating
with various other devices on a transmission medium.
[0174] The processor 1600 is responsible for manag-
ing the bus architecture and general processing, and the
memory 1620 may store data used by the processor 1600
to perform operations.

[0175] It should be noted that the memory 1620 is not
limited to the UE, and the memory 1620 and the proces-
sor 1600 can be separated in different geographic posi-
tions.

[0176] Optionally, the measuring SPRSs sent by the
plurality of positioning reference devices to obtain a plu-
rality of SPRS measurement results includes: measuring
SPRSs sent by the plurality of positioning reference de-
vices on a plurality of different frequency resources to
obtain the plurality of SPRS measurement results, where
different positioning reference devices use different fre-
quency resources to send the SPRSs.

[0177] Optionally, the transceiver 1610 or the proces-
sor 1600 is also used to: obtain SPRS configuration in-
formation of the plurality of positioning reference devices,
and the SPRS configuration information of each position-
ing reference device includes frequency configuration in-
formation and time configuration information on which
the positioning reference device sends the SPRS.
[0178] The measuring SPRSs sent by the plurality of
positioning reference devices on a plurality of different
frequency resources to obtain a plurality of SPRS meas-
urement results includes: measuring the SPRSs sent by
the plurality of positioning reference devices based on
the SPRS configuration information of the plurality of po-
sitioning reference devices, to obtain the plurality of
SPRS measurement results.

[0179] Optionally, each positioning reference device
configures a fixed frequency resource to send the SPRS,
or each positioning reference device configures a differ-
ent frequency to send the SPRS at a different time.
[0180] Optionally, the transceiver 1610 is also used to
perform at least one of the following: exchanging the plu-
rality of PRS measurement results and the plurality of
SPRS measurement results with other UEs; exchanging
respective position information with other UEs; sending
PRS and SPRS to other UEs; and exchanging respective
PRS configuration information and SPRS configuration
information with other UEs.

[0181] Optionally, the measuring SPRSs sent by the
plurality of positioning reference devices to obtain a plu-
rality of SPRS measurement results includes: measuring
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SPRS continuously sent by the plurality of positioning
reference devices to obtain the plurality of SPRS meas-
urement results; or measuring SPRSs periodically sent
by the plurality of positioning reference devices to obtain
the plurality of SPRS measurement results; or measuring
SPRSs sent by the plurality of positioning reference de-
vices as needed to obtain the plurality of SPRS meas-
urement results.

[0182] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP. Each SPRS
measurement result includes: an SPRS-CP measure-
ment value.

[0183] Optionally, SCS of the subcarriers occupied by
the SPRS sent by the plurality of positioning reference
devices is smaller than SCS of data communication in
the target carrier, and the target carrier includes subcar-
riers occupied by the SPRS sent by the plurality of posi-
tioning reference devices.

[0184] Optionally, the subcarriers occupied by the
SPRS sent by the plurality of positioning reference de-
vices are located at an edge or a guard band of the target
carrier.

[0185] Optionally, the sending the plurality of PRS
measurement results and the plurality of SPRS meas-
urement results to the positioning server includes: send-
ing a report message to the positioning server, where the
report message includes the plurality of PRS measure-
ment results and information elements for reporting
SPRS measurement results, where the information ele-
ments include the SPRS measurement result of each
SPRS.

[0186] Optionally, the information elements further in-
clude: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0187] Optionally, the plurality of positioning reference
devices include a plurality of network side devices; or the
plurality of positioning reference devices include at least
one network side device and at least one other UE; or
the plurality of positioning reference devices include a
plurality of other UEs.

[0188] It should be noted that the above UE in this em-
bodimentmay be a UE inany implementation in the meth-
od embodiment of the present disclosure, and any im-
plementation of the UE in the method embodiment may
be implemented by the UE in this embodiment. The same
beneficial effects are achieved, which will not be repeated
herein.

[0189] Fig. 17 is a structural diagram of another posi-
tioning reference device provided by an embodiment of
the present disclosure. As shown in Fig. 17, the position-
ing reference device includes: a transceiver 1710, a
memory 1720, a processor 1700, and a computer pro-
gram stored in the memory 1720 and executed by the
processor.

[0190] The transceiver 1710 is configured to send a
PRS to a UE, so that the UE measures the PRS to obtain
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a PRS measurement result; send an SPRS to the UE,
so that the UE measures the SPRS to obtain an SPRS
measurement result. The PRS measurement result and
the SPRS measurement result are used for positioning
of the UE.

[0191] Amongthem, the transceiver 1710 can be used
to receive and send data under the control of the proc-
essor 1700.

[0192] InFig. 17, the bus architecture may include any
number ofinterconnected buses and bridges, specifically
various circuits of one or more processors represented
by the processor 1700 and the memory represented by
the memory 1720 are linked together. The bus architec-
ture can also link various other circuits such as peripheral
devices, voltage regulators, and power management cir-
cuits, etc., which are well known in the art, and therefore,
they will not be further described in the disclosure. The
bus interface provides an interface. The transceiver 1710
may be a plurality of elements, including a transmitter
and a receiver, and provides a unit for communicating
with various other devices on a transmission medium.
[0193] The processor 1700 is responsible for manag-
ing the bus architecture and general processing, and the
memory 1720 may store data used by the processor 1700
to perform operations.

[0194] It should be noted that the memory 1720 is not
limited to the positioning reference device, and the mem-
ory 1720 and the processor 1700 may be separated in
different geographic positions.

[0195] Optionally, different positioning reference de-
vices send SPRS to the UE through different frequency
resources.

[0196] Optionally, the transceiver 1710 is also used to:
send SPRS configuration information to the UE, where
the SPRS configuration information includes frequency
configuration information and time configuration informa-
tion on which the positioning reference device sends the
SPRS.

[0197] Optionally, each positioning reference device
sends the SPRS on a fixed frequency resource, or each
positioning reference device sends the SPRS on a dif-
ferent frequency at a different time.

[0198] Optionally, the sending the SPRS to the UE in-
cludes: continuously sending the SPRS to the UE; or
periodically sending the SPRS to the UE; or sending the
SPRS to the UE as needed.

[0199] Optionally, the SCS of the subcarrier occupied
by the SPRS sent by the positioning reference device is
smaller than the SCS of data communication in the target
carrier, and the target carrier includes the subcarrier oc-
cupied by the SPRS sent by the positioning reference
device.

[0200] Optionally, the subcarrier occupied by the
SPRS sent by the positioning reference device is located
at an edge or a guard band of the target carrier.

[0201] Optionally, the positioning reference device is
a network side device or another UE.

[0202] Itshould be noted thatthe above-mentioned po-
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sitioning reference device in this embodiment may be a
positioning reference device in any implementation in the
method embodiment of the present disclosure, and any
implementation of the positioning reference device in the
method embodiment of the present disclosure may be
implemented by the above-mentioned positioning refer-
ence device in this embodiment, and the same beneficial
effects are achieved, which will not be repeated here.
[0203] Fig. 18 is a structural diagram of another posi-
tioning server provided by an embodiment of the present
disclosure. As shown in Fig. 18, the positioning server
includes: a transceiver 1810, a memory 1820, a proces-
sor 1800, and a computer program stored in the memory
1820 and executed by the processor.

[0204] The transceiver 1810 is configured to receive a
plurality of PRS measurement results and a plurality of
SPRS measurement results sent by a UE; determine a
position of the UE based on the plurality of PRS meas-
urement results and the plurality of SPRS measurement
results.

[0205] Orthe transceiver 1810 is configured to receive
the plurality of PRS measurementresults and the plurality
of SPRS measurement results sent by the UE.

[0206] The processor 1800isusedtoread the program
inthe memory 1820 and perform the following processes:
determining the position of the UE based on the plurality
of PRS measurement results and the plurality of SPRS
measurement results.

[0207] Amongthem, the transceiver 1810 can be used
to receive and send data under the control of the proc-
essor 1800.

[0208] InFig. 18, the bus architecture may include any
number of interconnected buses and bridges, specifical-
ly, various circuits of one or more processors represented
by the processor 1800 and the memory represented by
the memory 1820 are linked together. The bus architec-
ture can also link various other circuits such as peripheral
devices, voltage regulators, and power management cir-
cuits, etc., which are well known in the art, and therefore,
they will not be further described in the disclosure. The
bus interface provides aninterface. The transceiver 1810
may be a plurality of elements, including a transmitter
and a receiver, and provides a unit for communicating
with various other devices on a transmission medium.
[0209] The processor 1800 is responsible for manag-
ing the bus architecture and general processing, and the
memory 1820 may store data used by the processor 1800
to perform operations.

[0210] It should be noted that the memory 1820 is not
limited to being located only on the positioning server,
and the memory 1820 and the processor 1800 may be
separated in different geographic positions.

[0211] Optionally, each PRS measurement result in-
cludes: at least one of RSTD and RSRP. Each SPRS
measurement result includes an SPRS-CP measure-
ment value.

[0212] Optionally, the receiving a plurality of PRS
measurement results and a plurality of SPRS measure-
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ment results sent by the UE includes: receiving a report
message sent by the UE, the report message including
the plurality of PRS measurementresults and information
elements for reporting SPRS measurement results,
wherein the information elements include SPRS meas-
urement result of each SPRS.

[0213] Optionally, the information elements further in-
clude: at least one of a cell identifier corresponding to
each SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier meas-
urement value.

[0214] Itshould be noted thatthe above-mentioned po-
sitioning server in this embodiment may be a positioning
server in any implementation in the method embodiment
of the present disclosure, and any implementation of the
positioning server in the method embodiment of the
present disclosure may be implemented by the above-
mentioned positioning server in this embodiment, the
same beneficial effects are achieved, which will not be
repeated herein.

[0215] An embodiment of the present disclosure also
provides a computer-readable storage medium on which
a computer program is stored, when executed by a proc-
essor to implement the steps in the positioning method
on the UE side provided by the embodiment of the
present disclosure, or implements the steps in the posi-
tioning method on the positioning reference device side
provided by the embodiments of the present disclosure,
or implement the steps in the positioning method on the
positioning server side provided by the embodiments of
the present disclosure.

[0216] Inthe several embodiments provided in this ap-
plication, itshould be understood that the disclosed meth-
od and device may be implemented in other ways. For
example, the device embodiments described above are
only schematic. For example, the division of the units is
only a division of logical functions. In actual implemen-
tation, there may be other divisions, for example, a plu-
rality of units or components may be combined or can be
integrated into another system, or some features can be
ignored, or not implemented. In addition, the displayed
or discussed mutual coupling or direct coupling or com-
munication connection may be indirect coupling or com-
munication connection through some interfaces, devices
or units, and may be in electrical, mechanical or other
forms.

[0217] In addition, each functional unitin each embod-
iment of the present disclosure may be integrated into
one processing unit, or each unit may be physically in-
cluded separately, or two or more units may be integrated
into one unit. The above integrated unit can be imple-
mented in the form of hardware, or in the form of hardware
plus software functional units.

[0218] The above integrated unit implemented in the
form of a software functional unit may be stored in a com-
puter-readable storage medium. The above software
functional unit is stored in a storage medium, and in-
cludes several instructions to enable a computer device
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(which may be a personal computer, a server, or a net-
work device, etc.) to perform some steps of the trans-
ceiving method described in the embodiments of the
present disclosure. The aforementioned storage media
include: a U disk, a mobile hard disk, a read-only memory
(ROM), a random access memory (RAM), a magnetic
disk or an optical disk and other media that can store
program codes.

[0219] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
embodiments of the disclosure without departing from
the spirit and scope of the disclosure, the disclosure is
also intended to include such modifications and varia-
tions.

Claims
1. A positioning method, comprising:

measuring, by a user equipment (UE), position-
ing reference signals (PRSs) sent by a plurality
of positioning reference devices to obtain a plu-
rality of PRS measurement results;

measuring, by the UE, sinusoidal positioning ref-
erence signals (SPRSs) sent by the plurality of
positioning reference devices to obtain a plural-
ity of SPRS measurement results;

performing, by the UE, a positioning operation
based on the plurality of PRS measurement re-
sults and the plurality of SPRS measurement
results,

wherein the positioning operation comprises:
sending the plurality of PRS measurement re-
sults and the plurality of SPRS measurement
results to a positioning server, so that the posi-
tioning server determines a position of the UE
based on the plurality of PRS measurement re-
sults and the plurality of SPRS measurement
results; or

the positioning operation comprises: determin-
ing, by the UE, the position of the UE based on
the plurality of PRS measurement results and
the plurality of SPRS measurement results.

2. The positioning method according to claim 1, where-
in the measuring, by the UE, sinusoidal positioning
reference signals (SPRSs) sent by the plurality of
positioning reference devices to obtain a plurality of
SPRS measurement results comprises:
measuring the SPRSs sent by the plurality of posi-
tioning reference devices on a plurality of different
frequency resources to obtain the plurality of SPRS
measurement results, wherein different positioning
reference devices use different frequency resources
to send the SPRSs.

3. The positioning method according to claim 2, further
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comprising:

obtaining by the UE, SPRS configuration infor-
mation of the plurality of positioning reference
devices, and the SPRS configuration informa-
tion of each positioning reference device in-
cludes frequency configuration information and
time configuration information on which the po-
sitioning reference device sends the SPRS;

the measuring the SPRSs sent by the plurality
of positioning reference devices on a plurality of
different frequency resources to obtain the plu-
rality of SPRS measurement results comprises:
measuring, by the UE, the SPRSs sent by the
plurality of positioning reference devices based
on the SPRS configuration information of the
plurality of positioning reference devices, to ob-
tain the plurality of SPRS measurement results.

The positioning method according to claim 2 or 3,
wherein each positioning reference device config-
ures a fixed frequency resource to send the SPRS,
or each positioning reference device configures a
different frequency to send the SPRS at a different
time.

The positioning method according to any one of
claims 1-3, further comprising at least one of:

exchanging, by the UE, the plurality of PRS
measurement results and the plurality of SPRS
measurement results with other UEs;
exchanging, by the UE, respective position in-
formation with other UEs;

sending, by the UE, PRS and SPRS to other
UEs; and

exchanging, by the UE, respective PRS config-
uration information and SPRS configuration in-
formation with other UEs.

The positioning method according to claim 1, where-
in the measuring the SPRSs sent by the plurality of
positioning reference devices to obtain the plurality
of SPRS measurement results comprises:

measuring, by the UE, the SPRSs continuously
sent by the plurality of positioning reference de-
vices to obtain the plurality of SPRS measure-
ment results; or

measuring, by the UE, the SPRSs periodically
sent by the plurality of positioning reference de-
vices to obtain the plurality of SPRS measure-
ment results; or

measuring, by the UE, the SPRSs sent by the
plurality of positioning reference devices as
needed to obtain the plurality of SPRS meas-
urement results.
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1.

12.

13.

32

The positioning method according to claim 1, 2, 3 or
6, wherein at least one of reference signal time dif-
ference (RSTD) and reference signal received pow-
er (RSRP);

each SPRS measurement result comprises an
SPRS carrier phase (SPRS-CP) measurement val-
ue.

The positioning method according to claim 1, 2, 3 or
6, wherein the sending the plurality of PRS meas-
urement results and the plurality of SPRS measure-
ment results to a positioning server comprises:
sending a report message to the positioning server,
wherein the report message includes the plurality of
PRS measurementresults and information elements
for reporting the plurality of SPRS measurement re-
sults, the information elements include the SPRS
measurement result of each SPRS.

The positioning method according to claim 8, where-
in the information elements further comprise: atleast
one of a cell identifier corresponding to each SPRS,
an SPRS index, a reference time during measure-
ment, and a quality indication of a carrier measure-
ment value.

The positioning method according to claim 1, 2, 3 or
6, wherein the plurality of positioning reference de-
vices comprise a plurality of network side devices;
or the plurality of positioning reference devices com-
prise at least one network side device and at least
one other UE; or the plurality of positioning reference
devices comprise a plurality of other UEs.

A positioning method, comprising:

sending, by a positioning reference device, a
PRS to a UE, so that the UE measures the PRS
to obtain a PRS measurement result;

sending, by the positioning reference device, a
SPRS to the UE, so that the UE measures the
SPRS to obtain an SPRS measurement result,
wherein the PRS measurement result and the
SPRS measurement result are used for posi-
tioning of the UE.

The positioning method according to claim 11,
wherein different positioning reference devices send
SPRSs to UEs through different frequency resourc-
es.

The positioning method according to claim 12, fur-
ther comprising:

sending, by the positioning reference device, SPRS
configuration information to the UE, and the SPRS
configuration information includes frequency config-
uration information and time configuration informa-
tion on which the positioning reference device sends
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SPRS.

The positioning method according to claim 12 or 13,
wherein

each positioning reference device sends the SPRS
on a fixed frequency resource, or each positioning
reference device sends the SPRS on a different fre-
quency at a different time.

The positioning method according to claim 11,
wherein the sending, by the positioning reference
device, the SPRS to the UE comprising:

the positioning reference device continuously send-
ing SPRS to the UE; or the positioning reference
device periodically sending SPRS to the UE; or the
positioning reference device sending the SPRS to
the UE as needed.

The positioning method according to claim 11, 12,
13 or 15, wherein the positioning reference device
is a network side device or another UE.

A positioning method, comprising:

receiving, by a positioning server, a plurality of
PRS measurement results and a plurality of
SPRS measurement results sent by a UE;
determining, by the positioning server, a position
of the UE based on the plurality of PRS meas-
urement results and the plurality of SPRS meas-
urement results.

The positioning method according to claim 17,
wherein each PRS measurement result comprises:
at least one of RSTD and RSRP, each SPRS meas-
urement result comprises an SPRS-CP measure-
ment value.

The positioning method according to claim 17 or 18,
wherein the receiving, by the positioning server, a
plurality of PRS measurement results and a plurality
of SPRS measurement results sent by the UE com-
prises:

receiving, by the positioning server, a report mes-
sage sent by the UE, wherein the report message
includes the plurality of PRS measurement results
and information elements for reporting the plurality
of SPRS measurement results, the information ele-
ments include the SPRS measurement result for
each SPRS.

The positioning method according to claim 19,
wherein the information elements further comprise:
at least one of a cell identifier corresponding to each
SPRS, an SPRS index, a reference time during
measurement, and a quality indication of a carrier
measurement value.
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21. A user equipment (UE), comprising:

a first measurement module, configured to
measure PRSs sent by a plurality of positioning
reference devices to obtain a plurality of PRS
measurement results;

a second measurement module, configured to
measure SPRSs sent by the plurality of position-
ing reference devices to obtain a plurality of
SPRS measurement results; and

a positioning module, configured to perform a
positioning operation based on the plurality of
PRS measurement results and the plurality of
SPRS measurement results,

wherein the positioning operation comprises:
sending the plurality of PRS measurement re-
sults and the plurality of SPRS measurement
results to a positioning server, so that the posi-
tioning server determines the position of the UE
based on the plurality of PRS measurement re-
sults and the plurality of SPRS measurement
results; or

the positioning operation comprises: determin-
ing, by the UE, the position of the UE based on
the plurality of PRS measurement results and
the plurality of SPRS measurement results.

22. The UE according to claim 21, wherein each PRS

measurementresultcomprises: atleastone of RSTD
and RSRP, each SPRS measurement result com-
prises an SPRS-CP measurement value.

23. A positioning reference device, comprising:

afirstsending module, configured to send a PRS
to a UE, so that the UE measures the PRS to
obtain a PRS measurement result;

a second sending module, configured to send
an SPRS to the UE, so that the UE measures
the SPRS to obtain an SPRS measurement re-
sult,

wherein the PRS measurement result and the
SPRS measurement result are used for posi-
tioning of the UE.

24. A positioning sever, comprising:

a receiving module, configured to receive a plu-
rality of PRS measurement results and a plural-
ity of SPRS measurement results sent by a UE;
and

a positioning module, configured to determine a
position of the UE based on the plurality of PRS
measurement results and the plurality of SPRS
measurement results.

25. The positioning sever according to claim 24, wherein

each PRS measurement result comprises: at least
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one of RSTD and RSRP, each SPRS measurement
result comprises an SPRS-CP measurement value.

A user equipment (UE), comprising a transceiver, a
memory, a processor, and a computer program
stored in the memory and executed by the processor,
wherein

the transceiver is configured to measure PRSs sent
by a plurality of positioning reference devices to ob-
tain a plurality of PRS measurement results; meas-
ure SPRSs sent by the plurality of positioning refer-
ence devices to obtain a plurality of SPRS Measure-
ment results; perform a positioning operation based
on the plurality of PRS measurement results and the
plurality of SPRS measurement results,

the positioning operation includes: sending the plu-
rality of PRS measurement results and the plurality
of SPRS measurement results to a positioning serv-
er, so that the positioning server determines the po-
sition of the UE based on the plurality of PRS meas-
urement results and the plurality of SPRS measure-
ment results; or the positioning operation includes
determining, by the UE, the position of the UE based
on the plurality of PRS measurement results and the
plurality of SPRS measurement results; or

the transceiver is configured to measure the PRSs
sent by the plurality of positioning reference devices
to obtain the plurality of PRS measurement results;
measure the SPRSs sent by the plurality of position-
ing reference devices to obtain the plurality of SPRS
measurement results.

The UE according to claim 26, wherein the measur-
ing SPRSs sent by the plurality of positioning refer-
ence devices to obtain a plurality of SPRS measure-
ment results comprises:

measuring SPRSs sent by the plurality of positioning
reference devices on a plurality of different frequency
resources to obtain the plurality of SPRS measure-
ment results, wherein different positioning reference
devices use the plurality of different frequency re-
sources to send the SPRSs.

The UE according to claim 27, wherein the trans-
ceiver or the processor is further configured to:

obtain SPRS configuration information of the
plurality of positioning reference devices, and
the SPRS configuration information of each po-
sitioning reference device includes frequency
configuration information and time configuration
information on which the positioning reference
device sends the SPRS;

the measuring SPRSs sent by the plurality of
positioning reference devices on a plurality of
different frequency resources to obtain a plural-
ity of SPRS measurement results comprises:
measuring the SPRSs sent by the plurality of
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32.
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34.

36

positioning reference devices based on the
SPRS configuration information of the plurality
of positioning reference devices, to obtain the
plurality of SPRS measurement results.

The UE according to 27 or 28, wherein each posi-
tioning reference device configures a fixed frequen-
cy resource to send the SPRS, or each positioning
reference device configures a different frequency to
send the SPRS at a different time.

The UE according to any one of claims 26-28, where-
in the transceiver is further configured to perform at
least one of:

exchanging the plurality of PRS measurement
results and the plurality of SPRS measurement
results with other UEs;

exchanging respective position information with
other UEs;

sending PRS and SPRS to other UEs; and
exchanging respective PRS configuration infor-
mation and SPRS configuration information with
other UEs.

The UE according to claim 26, wherein the measur-
ing SPRSs sent by the plurality of positioning refer-
ence devices to obtain a plurality of SPRS measure-
ment results comprises:

measuring SPRSs continuously sent by the plu-
rality of positioning reference devices to obtain
the plurality of SPRS measurement results; or
measuring SPRSs periodically sent by the plu-
rality of positioning reference devices to obtain
the plurality of SPRS measurement results; or
measuring SPRSs sent by the plurality of posi-
tioning reference devices as needed to obtain
the plurality of SPRS measurement results.

The UE according to claim 26, 27, 28 or 31, wherein
each PRS measurement result comprises: at least
one of RSTD and RSRP, each SPRS measurement
result comprises an SPRS-CP measurement value.

The UE according to claim 26, 27, 28 or 31, wherein
the sending the plurality of PRS measurement re-
sults and the plurality of SPRS measurement results
to the positioning server comprises:

sending a report message to the positioning server,
wherein the report message includes the plurality of
PRS measurementresults and information elements
for reporting SPRS measurement results, the infor-
mation elements include the SPRS measurementre-
sult of each SPRS.

The UE according to claim 33, wherein the informa-
tion elements further comprise: at least one of a cell



35.

36.

37.

38.

39.

40.

41.

42.

37

identifier corresponding to each SPRS, an SPRS in-
dex, a reference time during measurement, and a
quality indication of a carrier measurement value.

The UE according to claim 26, 27, 28 or 31, wherein
the plurality of positioning reference devices com-
prise a plurality of network side devices; or the plu-
rality of positioning reference devices comprise at
least one network side device and at least one other
UE; or the plurality of positioning reference devices
comprise a plurality of other UEs.

A positioning reference device, comprising a trans-
ceiver, a memory, a processor, and a computer pro-
gram stored in the memory and executed by the proc-
essor, wherein

the transceiver is configured to send a PRS to a UE,
so that the UE measures the PRS to obtain a PRS
measurement result; send an SPRS to the UE, so
that the UE measures the SPRS to obtain an SPRS
measurement result,

the PRS measurement result and the SPRS meas-
urement result are used for positioning of the UE.

The positioning reference device according to claim
36, wherein different positioning reference devices
send SPRSs to the UE through different frequency
resources.

The positioning reference device according to claim
37, wherein the transceiver is further configured to:
send SPRS configuration information to the UE,
wherein the SPRS configuration information in-
cludes frequency configuration information and time
configuration information on which the positioning
reference device sends the SPRS.

The positioning reference device according to claim
37 or 38, wherein each positioning reference device
sends the SPRS on a fixed frequency resource, or
each positioning reference device sends the SPRS
on a different frequency at a different time.

The positioning reference device according to claim
36, wherein the sending the SPRS to the UE com-
prises: continuously sending the SPRS to the UE; or
periodically sending the SPRS to the UE; or sending
the SPRS to the UE as needed.

The positioning reference device according to claim
36, 37, 38 or 40, wherein the positioning reference
device is a network side device or another UE.

A positioning server, comprising a transceiver, a
memory, a processor, and a computer program
storedin the memory and executed by the processor,
wherein

the transceiver is configured to receive a plurality of
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44.

45.

46.

38

PRS measurement results and a plurality of SPRS
measurement results sent by a UE; determine a po-
sition of the UE based on the plurality of PRS meas-
urement results and the plurality of SPRS measure-
ment results; or

the transceiver is configured to receive the plurality
of PRS measurement results and the plurality of
SPRS measurement results sent by the UE;

the processor is configured to read the program in
the memory and perform the following process: de-
termining the position of the UE based on the plurality
of PRS measurement results and the plurality of
SPRS measurement results.

The positioning server according to claim 42, where-
in each PRS measurement result comprises: at least
one of RSTD and RSRP, each SPRS measurement
result comprises an SPRS-CP measurement value.

The positioning server according to claim 42 or 43,
wherein the receiving the plurality of PRS measure-
ment results and the plurality of SPRS measurement
results sent by the UE comprises:

receiving areport message sentby the UE, the report
message including the plurality of PRS measure-
ment results and information elements for reporting
the plurality of SPRS measurement results, wherein
the information elements include the SPRS meas-
urement result of each SPRS.

The positioning server according to claim 44, where-
in the information elements further comprise: atleast
one of a cell identifier corresponding to each SPRS,
an SPRS index, a reference time during measure-
ment, and a quality indication of a carrier measure-
ment value.

A computer-readable storage medium having a com-
puter program stored thereon, when executed by a
processor, implementing the step of the positioning
method according to any one of claims 1-10; or the
steps of the positioning method according to any one
of claims 11-16; or the steps of the positioning meth-
od according to any one of claims 17-20.
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